(19) 



J) 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



01) 



EP 0 964 251 A1 



(12) 



EUROPEAN PATENT APPLICATION 

published in accordance with Art. 1 58(3) EPC 



(43) 


Date of publication: 


(51) int.Cl 6 : G01N 37/00, G01 B 11/30 




1 5.1 2.1 999 Bulletin 1 999/50 






(86) International application number: 


(21) 


Application number: 98959218.3 


PCT/JP98/05664 


(22) 


Date of filing: 15.12.1998 


(87) International publication number: 






WO 99/31 51 4 (24.06.1 999 Gazette 1 999/25) 


(84) 


Designated Contracting States: 


• NAKAJIMA, Kunio 


DE FR GB 


Chiba-shi, Chiba 261-8507 (JP) 






• CHIBA, Norio 


(30) 


Priority: 15.12.1997 J P 345397 


Chiba-shi, Chiba 261 -B507 (JP) 




30.07.1998 JP 21578098 


* ICHIHARA, Susumu 






Chiba-shi, Chiba 261-8507 (JP) 


(71) 


Applicant: 


• NIWA, Takashi 




Seiko Instruments Inc. 


Chiba-shi, Chiba 261-8507 (JP) 




Chiba-shi, Chiba 261-8507 (JP) 


• MITSUOKA, Yasuyuki 


(72) 




Chiba-shi, Chiba 261-8507 (JP) 


Inventors: 


• KASAMA, Nobuyuki 


• 


SATO, Kazuo 


Chiba-shi, Chiba 261-8507 (JP) 




Nagoya-shl, cAichi 465-0058 (JP) 


• 


SHIKITA, Mitsuhiro 


(74) Representative: 




Nagoya-shi, Aichi 465-0026 (JP) 


Watkin, Timothy Lawrence Harvey 


• 


KATO, Kenji 


Mew burn Ellis, 




Chiba-shi, Chiba 261-8507 (JP) 


York House, 


• 


SHINOGI, Masataka, 


23 King sway 




Seiko Inst R&D Center Inc. 


London, WC2B 6HP (GB) 




Chiba-shi, Chiba 261-8507 (JP) 





m 

CM 

<£> 
CD 

O 

Q. 
LU 



(54) OPTICAL WAVEGUIDE PROBE AND ITS MANUFACTURING METHOD 



(57) The present invention has an object to obtain 
an optical waveguide probe which is formed in a hook 
form to illuminate and detect light by a manufacture 
using a silicon process. 

This optical waveguide probe is formed in a hook 
form and structured by an optical waveguide 1 sharp- 
ened at a probe needle portion 5 and formed of dielec- 
tric and a substrate 2 supporting this optical waveguide 
1 . This optical waveguide 1 is formed overlying the sub- 
strate 2. The optical waveguide 1 is structured by a core 
8 to transmit light and a cladding 9 smaller in refractive 
index than the core 8. 



FIG. 1 
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Description 

TECHNICAL FIELD 

[0001 ] This invention relates to an optical waveguide 
probe for observing sample geometry utilizing an 
atomic force between substances and measuring opti- 
cal property on sample microscopic region through a 
probe formed by an optical waveguide, and to a method 
for manufacturing same. 

BACKGROUND OF THE INVENTION 



[0002] At present, in the scanning near field optical 
microscopes (hereinafter abbreviated as SNOM) meas- 
urement is made on sample optical property and geom- 
etry by causing a tip-sharpened probe of an optical 
medium to approach a measurement sample to a dis- 
tance of less than light wavelength. There is proposed 
an apparatus, as one of such apparatuses, wherein an 
linear-formed optical fiber probe vertically held to a 
sample at its tip is horizontally vibrated relative to a 
sample surface, so that a change in amplitude of vibra- 
tion caused due to shearing forces at the sample sur- 
face and probe tip is detected by irradiating laser light to 
the probe tip and detecting a change in shade thereof, 
wherein the sample is moved by a fine movement mech- 
anism to bring the amplitude into constant whereby the 
spacing between the probe tip and the sample surface 
is kept constant to detect sample geometry and meas- 
ure sample light transmission from an intensity of an 
input signal to the fine movement mechanism. 
[0003] Also, there is proposed a scanning near field 
atomic force microscope which uses a hook formed 
optical fiber probe as a cantilever for the atomic force 
microscope (hereinafter abbreviated as AFM) to per- 
form AFM actuation, and simultaneously illuminates 
laser light through an optical fiber probe tip onto a sam- 
ple to thereby detect sample geometry and measure 
sample optical property (No. 174542/1995). FIG. 34 is a 
structural view showing an optical waveguide probe of a 
conventional example. This optical waveguide probe 
has an optical waveguide 101 using an optical fber 
wherein the optical waveguide is covered over its 
periphery by a metal film coat 1 02. Also, a probe needle 
portion 103 is sharpened, and the probe needle 103 
has an aperture 104 at its tip. 

[0004] On the other hand, in AFMs utilized as fine 
region geometrical observing means, utilized broadly 
are micro-cantilevers of silicon formed by silicon proc- 
ess or silicon nitride. 

[0005] However, there has been a problem that the 
optical fiber probe used in SNOM is manufactured in 
many processes by manual operation with an optical 
fiber as a material so that mass produdbility is low and 
the shapes such as tip diameter and tip angle are une- 
ven. Also, although high speed scanning control 
requires increase in resonant frequency, because the 



optical fiber itself is used as a cantilever spring material, 
the spring portion if shortened in order to increase the 
resonant frequency has an increased spring constant. 
Also, there has been a problem that the optical fber is of 
5 a thin and long filamentous material and difficult to han- 
dle Also, although the arrangement with a plurality of 
optical probes enables high speed observation without 
requiring high speed sweep, the optical fiber probe ts 
manufactured one by one by manual operation and not 
)0 suited for a structure having a plurality of probes 
arranged on a same substrate, i.e. an array form. 
[0006] On the other hand, the micro-cantilever used in 
AFM is high in resonant frequency and high in mass 
produdbility with reduced variation, and possesses 
is advantages of evenness in mechanical properties such 
as spring constant and resonant frequency and of easi- 
ness in handling. However, there has been a problem 
that it is impossible to conduct light illumination and light 
detection at the tip portion required in SNOM. 
20 [0007] Also, samples with large steps such as biolog- 
ical samples and polymer samples are considered in 
many for SNOM application scope. The micro-cantilever 
probe needle used in the conventional AFM is as short 
as approximately 10 microns and difficult to measure a 
25 sample with large steps. Furthermore, rt is considered 
that these samples in may cases require measurement 
in a liquid. However, the AFM micro-cantilever is a can- 
tilever in a plate form and accordingly difficult in meas- 
urement in a liquid. . 
30 [0008] Therefore, this invention has been made m 
view of the above, and it is an object to provide an opti- 
cal waveguide probe which fulfills conditions of excel- 
lent mass producibilrty and evenness, small spring 
constant, easy handling, easy use in a liquid, capability 
35 of light illumination and detection, and easy to be 
arrayed. Also, H is an object to provide a manufactunng 
method for manufacturing such an optical waveguide 
probe. 



40 DISCLOSURE OF THE INVENTION 

[0009] This invention is, in an optical waveguide probe 
having an optical waveguide sharpened at a probe nee- 
dle portion formed in a hook form and a substrate sup- 
45 porting the optical waveguide, the optical waveguide 
characterized in that the optical waveguide is overlaid 
on the substrate and formed integral therewith. The opt- 
cal waveguide formed of dielectric is used. 
[0010] Also, this invention is, in an optical waveguide 
so probe having an optical waveguide sharpened at a 
probe needle portion formed in a hook form, a substrate 
supporting the optical waveguide and a metal film coat 
covering the optical waveguide, the optical wavegu.de 
characterized in that the optical waveguide is overlaid 
55 on the substrate and formed integral therewith and the 
probe needle portion of the optical waveguide has at a 
tip an aperture covered over by the metal film coat. The 
optical waveguide is formed of dielectric. Also, the opti- 
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cal waveguide has a metal film coat deposited over a 
dielectric for light transmission. 
[001 1 ] On the other hand, a method for manufacturing 
an optical waveguide probe, comprises: a process of 
forming a mold for embedding the optical waveguide in 
a substrate, a process of depositing the optical 
waveguide, a process of separating the optical 
waveguide along the mold for embedding the optical 
waveguide, a process of separating the optical 
waveguide from the substrate. 

[0012] Of the manufacturing process for an optical 
waveguide probe, the process of forming a mold for 
embedding the optical waveguide is any of an isotropic 
dry etching process or wet etching process using, as 
etching mask, photo resist having a thickness distribu- 
tion having been exposed using a photo mask with a 
gradation, an anisotropic dry etching process using, as 
an etching mask, photo resist having a thickness distri- 
bution exposed using photo mask with a gradation, an 
isotropic wet etching or dry etching process utilizing 
etching undercut to an underneath of an etching mask, 
a multi -staged anisotropic wet etching process to a sili- 
con substrate using an etching mask formed stepwise 
with at least two steps, and an anisotropic wet etching 
process to a silicon substrate. 

[0013] Also, the process of depositing the optical 
waveguide in the mold for embedding the optical 
waveguide is a process of depositing a dielectric mate- 
rial corresponding to the cladding, depositing a dielec- 
tric material relatively greater in refractive index than the 
cladding corresponding to the core, patterning the core, 
and further depositing a dielectric material correspond- 
ing to the cladding. The core patterning is conducted by 
photolithography using electro<Jeposition resist 
[0014] The process of separating the optical 
waveguide along the mold for embedding the optical 
waveguide is a polishing process of depositing a dielec- 
tric material in the mold for embedding the optical 
waveguide, thereafter planarizing by embedding a resin 
material in a recess formed in a portion of the mold for 
embedding the optical waveguide, and separating the 
optical waveguide by polishing to an original substrate 
surface or deeper than the original substrate surface. 
Also, the process of patterning the optical waveguide 
into a probe shape is, using electro-deposition resist as 
etching mask, by an anisotropic dry etching or wet etch- 
ing and an isotropic dry etching and wet etching. 
[0015] The process of separating the optical 
waveguide probe from the substrate is a dry etching 
process or an anisotropic wet etching process from an 
opposite surface to a surface formed with the optical 
waveguide. 

[0016] According to an optical waveguide probe as 
described above, it is possible to form the lever portion 
in a short and thin form as compared to the conventional 
SNOM optical fiber probe, and improve the resonant fre- 
quency without increasing the spring constant The opti- 
cal waveguide portion formed in a hook form, if 



increased in length, facilitates measurement of a sam- 
ple large in step. Also, the rectangular cantilever form 
stabilizes vibration in a liquid as compared to the con- 
ventional AFM cantilever having a flat plate cantilever. 
5 Also, light illumination and light detection are possible 
that can not be made with the conventional AFM canti- 
lever. 

[0017] Also, the use of a silicon process enhances 
mass producbility, improving shape reproducibility and 

10 evenness in mechanical property. Also, because the 
substrate and the optical waveguide portion are made in 
one body, handling such as mounting or adjustment is 
facilitated, similar to the conventional AFM cantilever. 
[0018] Also, according to the above-descrtoed manu- 

15 facturing method for an optical waveguide probe, the 
optical waveguide probe is easily to manufacture. 
[0019] Next, in order to achieve the above object, an 
optical waveguide probe of this invention, comprising: a 
substrate as a support member; a columnar optical 

20 waveguide formed on the substrate and having one part 
thereof projecting from the substrate, and bent toward a 
sample or a medium and sharpened at a tip; a light 
reflective layer toned over the optical waveguide except- 
ing an aperture at the optical waveguide tip. Also, the 

25 optical waveguide is structured by a combination of a 
cladding and a core. 

[0020] Also, an optical waveguide probe of this inven- 
tion, comprising: a substrate as a support member; a 
columnar optical waveguide formed on the substrate 

30 and having one part thereof projecting from the sub- 
strate, and sharpened at a tip on one side as an apex; a 
light reflective layer formed over the optical waveguide 
excepting an aperture at the optical waveguide tip. 
[0021 ] By doing so, similarly to the above, it is possible 

35 to form the lever portion in a short and thin form, and 
improve the resonant frequency without increasing the 
spring constant. Also, where the tip of the optical 
waveguide is bent, it is possible to easily measure a 
sample large in step. Further, the columnar shape stabi- 

40 lizes vibration in liquid. Also, light illumination and light 
detection are possible that can not be made with the 
conventional AFM cantilever. Also, the use of a silicon 
process enhances mass producibility, improving shape 
reproducibility and evenness in mechanical property. 

45 [0022] Also, in the optical waveguide probe of this 
invention, a groove is formed in a portion of the optical 
waveguide projecting from the substrate, thereby facili- 
tating bending. Also, a guide groove is provided in the 
substrate to fix a connecting position of the optical 

so waveguide and the optical fiber, facilitating coupling with 
an optical f toer. 

[0023] Next, in manufacturing an optical waveguide 
probe comprising a substrate as a support member, a 
columnar optical waveguide formed on the substrate 
55 and having one part thereof projecting from the sub- 
strate, and bent toward a sample or a medium and 
sharpened at a tip, a light reflective layer formed over 
the optical waveguide excepting an aperture at the opti- 
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cal waveguide tip. a method for manufacturing an opti- 
cal waveguide probe of this invention characterized in 
that the bending of the optical waveguide is made by a 
process of overlaying a material having a different ther- 
mal coefficient of expansion from the optical waveguide 5 
on one surface of a portion of the optical waveguide pro- 
jecting from the substrate and heating the material and 
the optical waveguide. Otherwise, the bending of the 
optical waveguide is made by a process of forming a 
substrate for supporting the optical waveguide wherein 70 
a material having a different thermal coefficient of 
expansion from the optical waveguide is overlaid, while 
heating, on one surface of a portion of the optical 
waveguide projecting from the substrate. 
[0024] Also, an optical waveguide is overlaid on a sub- 15 
strate such that one part thereof projects from said sub- 
strate, said optical waveguide at a tip is sharpened, and 
a light reflective layer is toned over sad optical 
waveguide excepting a tip to be toned into an aperture, 
wherein these processes include: a process of forming 20 
a material having a different thermal coefficient of 
expansion from said optical waveguide on one surface 
of said optical waveguide; and a process of heating said 
material and said optical waveguide to bend said optical 
waveguide. Otherwise, these processes include a proc- 25 
ess of forming while heating, a material having a differ- 
ent thermal coefficient of expansion from the optical 
waveguide on one surface of the optical waveguide. 
[0025] In this manner, the use of a material having a 
different thermal coefficient of expansion from the opti- 30 
cal waveguide facilitates the bending of the optical 
waveguide. This material may be formed over the entire 
surface of the one surface of the optical waveguide or a 
surface to be formed into a cantilever. 
[0026] Also, a method for manufacturing an optical 35 
waveguide probe of this invention, characterized in that 
an optical waveguide is overlaid on a substrate such 
that one part thereof projects from the substrate, the 
optical waveguide at a tip is sharpened, and a light 
reflective layer is formed over the optical waveguide 40 
excepting a tip to be formed into an aperture, wherein 
these processes, wherein these processes include: a 
process of bending the optical waveguide by heating 
principally one surface of the optical waveguide. 
[0027] If the optical waveguide is heated at one sur- 45 
face, it has increased heat absorbing amount than in the 
opposite surface. Due to this, the one surface is sof- 
tened so that the optical waveguide is bent by the sur- 
face tension. This simplifies the bending process. 
[0028] Further, in a manufacturing method for an opti- so 
cal waveguide probe of this invention, a groove is pro- 
vided in the optical waveguide during the above 
process. The portion provided with the groove is 
reduced in moment of inertia in section, and facilitated 
in bending. 55 
[0029] A method for manufacturing an optical 
waveguide probe of this invention, characterized in that 
a columnar optical waveguide is overlaid on a substrate 



such that one part thereof projects from the substrate, 
the optical waveguide at a tip being sharpened, and a 
light reflective layer being formed over the optical 
waveguide excepting a tip of the optical waveguide to be 
formed into an aperture. The columnar shape of the 
optical waveguide improves the resonant frequency 
without increasing the spring constant. Further, the 
columnar shape stabilizes vibration in a liquid. Inciden- 
tally, the sharpening for the optical waveguide uses iso- 
tropic etching, or anisotropic etching, particularly 
anisotropic etching in a state the substrate is inclined. 
[0030] Also, in an optical waveguide probe of this 
invention, the optical waveguide forming an aperture is 
toned by three surfaces. Also, it is formed by three sur- 
faces including at least two sets of vertical surfaces. 
Otherwise, an optical waveguide before the bending 
process is formed by a generally vertical surface and a 
generally horizontal surface with respect to a surface of 
the support substrate contacted with the optical 
waveguide. 

[0031 ] Accordingly, because such a probe aperture of 
the optical waveguide is formed by an apex of three sur- 
faces including two surfaces with an angle of 90 
degrees, where the aperture is placed horizontally dose 
to a sample, the bending amount in the optical 
waveguide can be reduced thus stabilizing manufacture 
and desirably improving yield. Also, the decrease in the 
optical waveguide bending amount reduces the light 
loss at the bent portion thus improving light transmis- 
sion efficiency for the optical waveguide. 
[0032] Also, in an optical waveguide probe of the 
present invention, a plurality of optical waveguides are 
arranged on the substrate. 

[0033] Therefore, it is possible to manufacture an opti- 
cal waveguide array excellent in evenness with high 
mass producibility and at low cost. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0034] 

FIG. 1 is a structural view showing an optical 
waveguide probe according to Embodiment 1 of the 
present invention; 

FIG. 2 is a structural view showing an optical 
waveguide probe according to Embodiment 2 of the 
present invention; 

FIG. 3 is a structural view showing an optical 
waveguide probe according to Embodiment 3 of the 
present invention; 

FIG. 4 is a structural view showing an optical 
waveguide probe according to Embodiment 4 of the 
present invention; 

FIG. 5 is a structural view showing an optical 
waveguide probe according to Embodiment 5 of the 
present invention; 

FIGs. 6A, 6B, 6C, 6D, 6E, 6F, 6G and 6H are 
explanatory views showing a manufacturing 
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method for an optical waveguide probe according to 
Embodiment 6 of the present invention; 
FIGs. 7A, 7B and 7C are explanatory views show- 
ing a manufacturing method for an optical 
waveguide probe according to Embodiment 7 of the 5 
present invention; 

FIGs. 8A, 8B and 8C are explanatory views show- 
ing a manufacturing method for an optical 
waveguide probe according to Embodiment 8 of the 
present invention; io 
FIG. 9 is structural view showing an optical 
waveguide probe according to Embodiment 9 of the 
present invention; 

FIG. 10 is a magnified view of a cantilever 26 in the 
vicinity of a tip according to the present invention; is 
FIGs. 1 1 A and 1 1 B are flowcharts showing a man- 
ufacturing process for the optical waveguide probe 
shown in FIG. 9; 

FIGS. 12A, 12B, 12C, 12D, 12E t 12E'are explana- 
tory views showing a manufacturing process for the 20 
optical waveguide probe shown in FIG. 9; 
FIGs. 13F, 13F', 13G, 13G', 13H f 131, 131', 13J and 
1 3J ' are explanatory views showing a manufactur- 
ing process for the optical waveguide probe shown 
in FIG. 9; 25 
FIGs. 14 A, 14B and 14C are explanatory views 
showing a manufacturing process for the optical 
waveguide probe shown in FIG. 9; 
FIGs. 15A, 15B, 15C and 15D are sectional views 
showing an optical waveguide probe according to 30 
Embodiment 1 0 of the present invention; 
FIGs. 16A and 16B are explanatory views showing 
an optical waveguide probe according to Embodi- 
ment 11 of the present invention; 
FIGs. 17A, 17B and 17C are explanatory views 35 
showing an optical waveguide probe according to 
Embodiment 1 2 of the present invention; 
FIGs. 18A and 18B are explanatory views showing 
a modification of the optical waveguide probe of 
FIG. 17A, 17B and 17C; <o 
FIG. 19 is an explanatory view showing a manufac- 
turing process for an optical waveguide probe 
according to Embodiment 13 of the present inven- 
tion; 

FIG. 20 is an explanatory view showing a manufac- 45 
turing process for an optical waveguide probe 
according to Embodiment 14 of the present inven- 
tion; 

FIG. 21 is a magnified view of a tip portion of a com- 
pleted cantilever 26 according to the present inven- so 
tion; 

FIG. 22 is an explanatory view showing a manufac- 
turing process for an optical waveguide probe 
according to Embodiment 15 of the present inven- 
tion; 55 
FIG. 23 is a magnified view showing a tip portion of 
a completed cantilever 26 according to the present 
invention; 



FIG. 24 is an explanatory view showing an optical 
waveguide probe according to Embodiment 16 of 
the present invention; 

FIG. 25 is a magnified view showing a tip portion of 
the optical waveguide probe shown in FIG. 24; 
FIG. 26 is an explanatory view showing a structure 
of an optical waveguide probe according to Embod- 
iment 1 7 of the present invention; 
FIG. 27 is a schematic explanatory view showing 
an optical waveguide probe according to Embodi- 
ment 18 of the present invention; 
FIG. 28 is a structural view showing a scanning 
probe microscope according to Embodiment 19 of 
the present invention; 

FIG. 29 is a structural view showing a scanning 
probe microscope according to Embodiment 20 of 
the present invention. 

FIG. 30 is an explanatory view showing a manufac- 
turing process for an optical waveguide probe 
according to Embodiment 21 of the present inven- 
tion; 

FIG. 31 is a magnified view of a tip portion of the 
optical waveguide probe according to Embodiment 
21 of the present invention; 

FIG. 32 is an explanatory view showing an optical 
waveguide probe according to Embodiment 22 of 
the present invention; 

FIG. 33 is an explanatory view showing an optical 
waveguide probe array according to Embodiment 
23 of the present invention; 
FIG. 34 is a structural view showing an prior art 
optical waveguide probe. 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0035] Hereinunder, this invention will be explained in 
detail with reference to the drawings. Incidentally, it 
should be considered that this invention be not limited 
by the embodiments. 

[Embodiment 1] 

[0036] FIG. 1 is a structural view illustrating a structure 
of an optical waveguide probe showing Embodiment 1 
of this invention. The optical waveguide probe is struc- 
tured by an optical waveguide 1 and a substrate 2 sup- 
porting the same. The optical waveguide 1 is formed 
lying on the substrate 2 in one body therewith. The opti- 
cal waveguide 1 is formed in the form of a hook, and 
structured by a fixed portion 3, resilient function portion 

4 and probe needle portion 5. This probe needle portion 

5 is sharpened. The optical waveguide 1 is structured 
by a core 8 for transmitting light and a cladding 9 pro- 
vided at an outer periphery thereof. 

[0037] The cladding 9 has a relatively low refractive 
index as compared to a refractive index of the core 8. 
The fixed portion 3 has a length of from 50 urn to 50 
mm. The resilient function portion 4 has a length of from 
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50 \im to 500 firm. The probe needle portion 5 has a 
length of from 5 to 500 jam. The core 8 is rectangular 
in sectional shape having one side length of from 1 
to 100 pm. The optical waveguide 1 is rectangular in 
sectional shape having one side length of from 5 to 5 
500 urn. The substrate 2 has a thickness of from 200 
jjm to 600 *im. The substrate 2 has a length and width 
of from 1 mm to 50 mm. Various dielectric materials can 
be used as a material for the core 8 and ciadding 9, 
including silicon dioxide, glass material such as silicon 70 
dioxide doped with fluorine or boron, polyurethane, 
organic material such as epoxy, niobium oxide, metal 
oxide such as zinc oxide, and so on. 
[0038] The deposition method for the core 8 and clad- 
ding 9 uses a method suited for a material therefor. In 15 
the case of for example silicon oxide, employed is vapor 
phase process (hereinafter abbreviated as CVD), sput- 
tering, vacuum evaporation or the like. The material for 
the substrate 2 uses a silicon single crystal, glass, 
quartz glass, gallium arsenate or the like. 20 
[0039] Light is introduced through a fixed portion end 
of the optical waveguide 1 shown in FIG. 1, so that the 
light is illuminated through a tip of the probe needle por- 
tion 5 of the optical waveguide 1 onto a measuring sam- 
ple. Also, localized light on a sample surface is detected 25 
by the probe needle portion 5 tip. and introduced to a 
detector provided at a behind of an end of the fixed por- 
tion 3. The cantilever has a spring constant and reso- 
nant frequency that is adjustable by a length of the 
resilient function portion 4. 30 
[0040] According to the optical waveguide probe, it is 
possible to illuminate light onto a sample to detect light 
information from the sample. Meanwhile, because the 
resilient function portion 4 can be shortened with 
decrease in spring constant, the resonant frequency 35 
can be increased without increase in the spring con- 
stant. Furthermore, because a silicon process can be 
used in manufacture, mass prodcibility is enhanced and 
shape reproducibility is high and mechanical property is 
obtained even. Further, it is easy to handle including fix- 40 
ing and adjusting, similarly to the conventional AFM 
cantilever. 

[0041] In addition, the long probe needle portion 5 
allows easy measurement on a sample having a large 
step. Also, because the probe needle portion 5 is of a 45 
polygonal column instead of a flat plate, it is possible to 
easily measure on a sample not only in air but also 
within a liquid. 

[Embodiment 2] so 

[0042] FIG. 2 is a structural view illustrating an optical 
waveguide probe showing Embodiment 2 of this inven- 
tion. The optical waveguide probe according to this 
Embodiment 2 is different from the optical waveguide ss 
probe according to the above Embodiment 1 . It is char- 
acterized in that its optical waveguide 1 at a periphery is 
covered by a metal film coating 6 and a probe needle 
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portion has at its tip an aperture 7 covered at a periph- 
ery by the metal film coating 6. The metal film coating 6 
covers over the other portion than that of contacted with 
the substrate 2, as shown in FIG. 2. The metal film coat- 
ing 6 has a thickness of from 1 00 urn to 1 urn. The diam- 
eter of the aperture 7 is from 10 to 500 um. The 
dimensions of other elements are the same as those of 
Embodiment 1 . 

[0043] The material of the metal film coating 6 uses a 
material which reflects light, such as gold, platinum, alu- 
minum, chromium, nickel or the like. The materials of 
the other elements use the same ones as those of 
Embodiment 1 . In this optical waveguide probe, by intro- 
ducing light from a fixed portion end of the optical 
waveguide 1 , the light can be illuminated only through 
the aperture 7 formed in the probe needle portion 5. 
Also, the light localized on the sample surface can be 
detected by the tip of the probe needle portion 5 and 
introduced through the behind of the fixed portion end 
into the detector. 

[0044] According to the above optical waveguide 
probe, because the aperture 7 is provided at the tip of 
the optical waveguide 1, it is possible to detect an opti- 
cal property of a sample at a space resolution higher 
than that of the optical waveguide probe of Embodiment 
1. 

[Embodiment 3] 

[0045] FIG. 3 is a structural view illustrating an optical 
waveguide probe showing Embodiment 3 of this inven- 
tion. The optical waveguide probe according to this 
Embodiment 3 is different from the optical waveguide 
probe according to the Embodiment 2. It is character- 
ized in that the optical waveguide 1 at its entirety is cov- 
ered by a metal flm coating, including the portion 
contacted with the substrate 2. Incidentally, the dimen- 
sion of each element is same as that of the optical 
waveguide probe of Embodiment 2. Also, the material of 
each element forming the optical waveguide probe is 
same as that of Embodiment 2. 

[0046] By introducing light from a fixed portion 3 end 
of the optical waveguide 1 , the light can be illuminated 
only through the aperture 7 formed in the probe needle 
portion 5. Also, the light localized on the sample surface 
can be detected by the tip of the probe needle portion 5 
and introduced through the behind of the fixed portion 
end into the detector. 

[0047] According to the above optical waveguide 
probe, because the aperture 7 is provided at the tip of 
the optical waveguide 1 , it is possible to detect a sample 
optical property with a higher space resolution than that 
of the optical waveguide probe of Embodiment 1 , simi- 
larly to the above. 

[Embodiment 4] 

[0048] FIG. 4 is a structural view illustrating an optical 
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waveguide probe showing Embodiment 4 of this inven- 
tion. This optical waveguide probe characterized in that 
the optical waveguide 1 in Embodiment 2 is structured 
of a single light transmissive material 10. The light 
transmissive material 10 is rectangular in cross section 
with one side length of from 5 to 100 *im. The mate- 
rial and deposition method of the light transmissive 
material 10 are same as those of core 8 and cladding 9 
of Embodiment 1. The dimensions and materials of 
other elements are same as those of Embodiment 2. 
[0049] The optical waveguide probes shown in 
Embodiment 1 to Embodiment 3 require to introduce 
light only to the core 8. However, according to the above 
optical waveguide probe, light may be introduced to the 
light transmissive material 10 that is thicker than the 
core 8. Accordingly, the introduction of light to the opti- 
cal waveguide 1 is easier than in the optica! waveguide 
probes shown in Embodiment 1 to Embodiment 3. Also, 
because the material of the optical waveguide 1 is sin- 
gle, manufacture is easier than for the optical 
waveguide probes shown in Embodiment 1 to Embodi- 
ment 3. 

[Embodiment 5] 

[0050] FIG. 5 is a structural view illustrating an optical 
waveguide probe shown in Embodiment 1 to Embodi- 
ment 3 of this invention. This optical waveguide probe is 
characterized in that the optical waveguide 1 of Embod- 
iment 3 is structured of a single light transmissive mate- 
rial 10. The shape, dimension, material and deposition 
method of the light transmissive material 10 are same 
as those of Embodiment 4. The dimension and material 
of the other elements are same as those of Embodiment 
2, and explanations are omitted. 

[Embodiment 6] 

[0051] FIGs. 6A, 6B, 6C, 6D, 6E, 6F, 6G and 6H are 
explanatory views showing a manufacture method for 
the optical waveguide probes of Embodiments 1 - 5. 
FIG. 6A depicts a process to form an optical waveguide 
mold on a substrate, showing a state that an etch mask 
12 is formed on a substrate 11. Incidentally, it is 
assumed hereunder that a top surface of the substrate 
1 1 is a main surface while an underside of the substrate 
11 is a back surface. The etch mask 12 possesses dis- 
tribution in thickness. The thickness of the substrate 1 1 
is from 200 urn to 1 mm. The etch mask 12 has a maxi- 
mum thickness portion with a thickness of from 100 nm 
to 100 \im. A substrate 2 is formed by the substrate 1 1 
wherein the material of the substrate 1 1 is same as that 
of the substrate 2. 

[0052] The etch mask 12 is of dielectric such as pho- 
toresist or Si0 2 or metal such as Al or Cr. Also, semi- 
conductor such as GaAs or InP is usable. In the case 
where photoresist is used as a etch mask 12, the pho- 
toresist is exposed using a photo mask having a grada- 



12 

tion with an emulsion mask or dot pattern into an etch 
mask 12 having a thickness distribution. Where dielec- 
tric or metal is used as a mask material, the etch mask 
12 is formed by forming photoresist having a thickness 

5 distribution as above on a mask material and anisotrop- 
ically dry etched by such as reactive ion etching (here- 
inafter abbreviated as RIE) to transfer a resist shape 
onto the mask material. Also, the etch mask 12 may be 
formed having a thickness distribution by patterning the 

to mask material through isotropic etching such as dry 
etching or wet etching. 

[0053] FIG. 6C depicts a process to form a mold for an 
optical waveguide on the substrate, as a top plan view in 
a state that a mold lor embedding an optical waveguide 
is is formed. Meanwhile, FIG. 6D is a sectional view taken 
along line a - b in FIG. 6C. The optical waveguide mold, 
if represented by a three dimensional shape, is a hollow 
having a vessel shape. The area corresponding to an 
optical waveguide probe needle portion 5 is moderately 
20 bent. The depth of the hollow is from 5 ^m to 500 um. 
The optical waveguide mold is formed using the etch 
mask 12 by anisotropic dry etching with an RIE or induc- 
tion coupling plasma etching apparatus. 
[0054] Because the etch mask 1 2 has a thickness dis- 
25 tribution, if it is formed by anisotropic dry etching, a sim- 
ilar shape to the etch mask 12 is transferred onto the 
substrate 1 1 in a depth direction. It may be formed using 
the etch mask 1 2 by isotropic dry etching or wet etching. 
Otherwise, it may be famed using the etch mask 12 on 
30 a silicon substrate by anisotropic etching. 

[0055] Meanwhile. FIG. 6B depicts a process to form 
a mold for embedding an optical waveguide in the sub- 
strate, illustrating a state that an etch mask 1 6 is formed 
on the substrate 1 1 . The etch mask 16 has a thickness 
35 of from 1 00 nm to 1 00 nm. The mask material is dielec- 
tric such as photoresist or Si0 2 or metal such as Al or 
Cr and semiconductor such as GaAs or InP. In the case 
of using the etch mask 16, a mold for embedding an 
optical waveguide may be formed utilizing etch undercut 
40 at the beneath of the etch mask \6 by an isotropic dry 
etch or wet etch process. Also, a mold for embedding an 
optica! waveguide can be formed by anisotropic wet 
etching on a silicon substrate using the etch mask 1 6. 
[0056] By embedding an optical waveguide in a mold 
45 having a moderate curve as shown in FIG. 6D, an opti- 
cal waveguide probe can be formed in a hook form. FIG. 
6E depicts a process to embed an optical waveguide in 
an optical waveguide embedding mold, illustrating a 
state formed with an optical waveguide. On the sub- 
so strate 1 1 a cladding material 13 is deposited and a pat- 
terned core material 14 is deposited thereon. Further, 
over that a cladding material 15 is deposited The 
refractive index of the cladding material 13 and the clad- 
ding material 15 is lower relative to the refractive index 
55 of the core material 1 4. The refractive index of the clad- 
ding material 13 and the cladding material 15 is the 
same. Meanwhile, the cladding material 13 and the 
cladding material 15 may be different in refractive index. 
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The cladding material 13 has a thickness of from 1 
to 300 jim. The core material 14 has a thickness of from 

I pm to 10 urn. The core material 14 after patterned has 
a total width of from 1 pm to 1 0 with respect to a ver- 
tical direction of the page. The cladding material 15 has 
a thickness of Irom 1 to 300 urn. 

[0057] First a cladding material 13 is deposited in the 
mold for embedding an optical waveguide shown in FIG. 
6D. Then a core material 14 is deposited and patterned 
using photolithography. At this time, if the mold for 
embedding an optical waveguide is large in step and 
photoresist is difficurt to evenly apply, electro-deposition 
resist is effectively used. To use electro-deposition 
resist, a core material 14 is first deposited and then 
electro-deposition resist is applied after depositing a 
conductive metal of Ni, Au, Al or Cr as an electrode 
material, followed by patterning using photolithography. 
Then a dadding material 15 is deposited. The method 
of depositing the cladding material 13, core material 14 
and cladding material 15 includes CVD, sputtering, vac- 
uum evaporation, etc. Where silicon dioxide is used as 
a material for the cladding material 13. core material 14 
and cladding material 1 5, the refractive index is control- 
led by doping fluorine, germanium, or boron. Mean- 
while, where CVD is used as a deposition method, the 
refractive index can be varied by output control during 
deposition. 

[0058] FIG. 6F depicts a process to separate the opti- 
cal waveguide along the mold for embedding the optical 
waveguide, illustrating a state the optical waveguide is 
separated. In the state as shown in FIG. 6E f a resin is 
filled in a hollow area and thereafter the substrate 1 1 is 
abraded by polishing or lapping to the original plane. 
After abrasion, the removal of the filed resin provides a 
state of FIG. 6F. Where the cladding 13, core 14 and 
cladding 1 5 are deposited in the mold for embedding an 
optical waveguide, the thickness of a dielectric depos- 
ited is small at a wall portion shown by an arrow A in 
FIG. 6E as compared to a parallel region on the sub- 
strate. Consequently, after abrasion the optical 
waveguide 1 has a probe needle portion 5 given a 
sharpened state in the vicinity of its summit. Also, with- 
out using abrasion, the optical waveguide can be sepa- 
rated by photolithography. 

[0059] FIG. 6G and FIG. 6H illustrate a process to 
separate the optical waveguide probe from the sub- 
strate, respectively, showing a state the optical 
waveguide is exposed on a main surface and a state the 
optical waveguide probe is separated. In FIG. 6F the 
optical waveguide is exposed by performing dry etching 
or wet etching from the main surface of the substrate 1 1 
into a state of FIG. 6G. Thereafter, where the substrate 

I I is silicon, the optical waveguide probe is separated 
by anisotropical etching from the back surface using 
potassium hydroxide (KOH) or tetramethyl arrimonium 
hydroxide (TMAH). Where the substrate 1 1 is other than 
silicon, the optical waveguide probe is separated by per- 
forming dry etching or wet etching from the back sur- 
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face. 

[0060] According to the process described above, it is 
possible to easily manufacture an optical waveguide 
probe of Embodiment 1. The manufacturing method for 

s an optical waveguide probe of Embodiment 2 can be 
carried out by making an optical waveguide probe in the 
manufacture method for Embodiment-1 optical 
waveguide probe and thereafter depositing a metal 
material such as Al or Cr to form a metal film coating 6 

io around the optical waveguide 1. The manufacturing 
method for Embodiment -3 optical waveguide probe can 
be carried out by depositing a metal material to form a 
metal film coating 6 prior to the process explained in 
FIG. 6E, putting forward the process to FIG. 6H, and 

is finally depositing a metal material to be formed into a 
metal film coating 6 over the entire optical waveguide 1 . 
[0061] The manufacturing method for the optical 
waveguide probes of Embodiment 4, 5 deposits only a 
light transmissive material 10 instead of depositing a 

20 cladding 13, core 14 and cladding 15 in the process 
explained in FIG. 6E. The other processes are same as 
the optical waveguide probe manufacture method of 
Embodiment 2, 3. The aperture 7 is removably formed 
by etching the metal at the tip of the probe needle por- 

25 tion 5. The aperture 7 may be formed by depressing, 
after metal deposition, the tip portion onto a solid sur- 
face. Also, the aperture 7 may be formed by. after metal 
deposition, depositing a mask material such as photore- 
sist to conduct dry etching such as RIE. 

30 

[Embodiment 7] 

[0062] FlGs. 7A, 7B and 7C are explanatory views 
illustrating an optical waveguide probe manufacturing 

35 method according to Embodiment 7 of this invention. 
This figure shows a process to form a mold for an optical 
waveguide in the substrate, wherein the other proc- 
esses are same as in Embodiment 6. FIG. 7A shows a 
state that an etch mask 1 7 is formed on the substrate 

40 11. The etch mask 17 is an etch mask formed in a step 
form with at least two steps or more. The substrate 1 1 
uses silicon. The etch mask employs dielectric such as 
silicon dioxide, silicon nitride or photoresist. 
[0063] FIG. 7C illustrates a state that a mold is formed 

45 to embed therein an optical waveguide. FIG, 7B illus- 
trates a state that an etch mask 1 7 is used to conduct 
anisotropic etching, showing a state that a first step of 
the etch mask 17 formed stepwise is left. Thereafter, if 
etching is continued, the first step of the etch mask 1 7 is 

so removed to leave a second step and the subsequent In 
this state if etching is continued, a state of FIG. 7C is 
obtained. Also, the etching may be stopped in the state 
the first mask is left to obtain a state of FIG. 7B, and the 
left first step mask is removed by etching and then the 

55 etching is further continued with the second step mask 
into a state of FIG. 7C. 

[0064] In this manner, it is possible to form a smoothly 
slanted surface of a mold for embedding an optical 
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waveguide by conducting anisotropic etching using an 
etch mask 1 7 formed stepwise with at least two steps or 
more. Furthermore, the manufacture of an optical 
waveguide probe using a mold having such a smoothly 
slanted surface makes it possible to emit the light intro- 
duced in the optical waveguide 1 through a tip of the 
optical waveguide 1 . Also, the localized light on a sam- 
ple surface detected by the optical waveguide tip can be 
efficiently transmitted and outputted to the other end of 
the optical waveguide. 

[Embodiment 8] 

[0065] FIGs. 8A, 8B and 8C illustrate an explanatory 
view showing an optical waveguide probe manufactur- 
ing method according to Embodiment 8 of this inven- 
tion. FIG. 8A illustrates a process to form a mold for an 
optical waveguide in the substrate, showing a top plan 
view in a state an etch mask 18 is formed on the sub- 
strate 1 1 . The etch mask 18 uses a same one of any of 
the etch mask 12, etch mask 16 and etch mask 17. 
[0066] FIG. 8B illustrates a process to form a mold for 
embedding an optical waveguide in the substrate, as a 
top plan view in a state a mold for embedding therein an 
optical waveguide is formed. Also. FIG. 8C is a sectional 
view taken along line a - b in FIG. 8B. The mold for 
embedding an optical waveguide is a step having a 
slant surface connecting between two of a parallel flat 
plane and a parallel Hat plane, wherein the slant surface 
comprises one or more planes. Meanwhile, the slant 
surface connecting the parallel flat planes may be a 
curved surface. The method of forming a mold to embed 
an optical waveguide differs depending on the kind of an 
etch mask 18, and the method is same as in Embodi- 
ment 6, 7. After forming a mold for embedding an optical 
waveguide, an optical waveguide is formed in layer ther- 
eon. The method and material in layering an optical 
waveguide is same as in Embodiment 6. 
[0067] FIG. 8D illustrates a process to pattern an opti- 
cal waveguide into a probe form, which is a top view 
showing a patterned optical waveguide in a probe form. 
FIG. 8E is a sectional view taken along line a - b in FIG. 
8D. After forming an optical waveguide, patterning is 
made using photolithography. Electro-deposition resist 
is effectively used for a case that photo resist be difficult 
to evenly apply due to large step in the optical 
waveguide embedding mold. To use electro-deposition 
resist, an optical waveguide 1 is first deposited and 
thereafter a conductive metal of Ni, Au. Al or Cr as an 
electrode material is deposited, and then electro-depo- 
sition resist is applied and patterned using photolithog- 
raphy. The process for separating the optical waveguide 
probe from the substrate to be conducted thereafter is 
same as in Embodiment 6. 

[Embodiment 9] 

[0068] FIG. 9 is a structural view illustrating an optical 
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waveguide probe according to Embodiment 9 of this 
invention. This optical waveguide probe 200 is struc- 
tured by an optical waveguide 23 formed by a core 21 
for transmitting light and a cladding 22 having a different 

5 refractive index therefrom, a light reflective layer 24 cov- 
ering this optical waveguide 23, and a substrate 25 sup- 
porting this optical waveguide 23. A cantilever 26 is 
moderately bent toward an opposite side of the sub- 
strate 25. The amount of bending is given to a degree 

10 not to cause optical loss. The cantilever 26 has a tip 
entirely sharpened. 

[0069] FIG. 10 is a magnified view of around the tip of 
the cantilever 26. In this manner, at the tip of the canti- 
lever 26 the core 21 projects from the cladding 22 or the 

75 light reflective layer 24, forming an aperture 27. A 
method for forming an aperture 27 will be hereinafter 
described in detail. The aperture 27 tip has a radius of 
curvature given smaller than 100 nm. The near field 
microscope has an optical resolution increasing in 

20 inverse proportion to a radius of curvature of the aper- 
ture 27. On the other hand, the core 21 and cladding 22 
has an end exposed to the outside on a substrate side 
of the optical waveguide 23. 

[0070] The concrete size of the optical waveguide 
25 probe 200 is a cantilever 26 length of 50 - 3000 jun, 
a width of 3 urn - 300 jim. and a thickness of 1 - 20 
urn. Also, the optical waveguide 23 has a length of 1 - 50 
mm and a width of 1 0 - 1 000 urn. The substrate 25 has 
a thickness of 100 urn - 1000 urn and an area of 1 - 
so 2500 square mm. 

[0071] The resonant frequency for the optical 
waveguide probe 200 is set at 1 kHz - 1 MHz. This is for 
AFM high speed operation. The spring constant is set 
small, i.e. 0.001 N - 100 N/m By decreasing the spring 
35 constant, it is possible to decrease the interaction 
between the optical waveguide probe and the sample 
and to accurately measure a soft substance, such as a 
biological sample or a polymer sample, without dam- 
age. 

40 [0072] Explanation is made on a light transmission 
form in an illumination mode of the optical waveguide 
probe 200. An optical fiber 28 is installed on the sub- 
strate 25 side of the optical waveguide probe 200. The 
light emitted from the optical fiber 28 is collected on a 

45 core end face 21a by a focus lens 29. The light intro- 
duced from the core end face 21a to an inside of the 
optical waveguide 23 passes through the core 21 and 
reaches the tip of the optical waveguide probe 200. A 
part of the light is illuminated through the aperture 27 to 

so a sample surface. Because the aperture 27 is set in 
diameter smaller than a light wavelength, the aperture 
27 emits evanescent light significantly attenuated on an 
order of the aperture diameter. 

[0073] Also, the light from the optical fiber 28 may be 
55 directly introduced without using the focus lens 29. Fur- 
thermore, a light source may be placed directly on the 
substrate 25 side of the optical waveguide probe 200, 
without using an optical fiber 28. Also, this optical 
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waveguide probe 200 can be used also in a collection 
mode. In this case, the light introduced through the 
aperture 27 passes the core 21 inside the optical 
waveguide 23 and emitted through the core end face 
21a on the substrate side. 

[0074] According to the optical waveguide probe 200, 
it is possible to obtain a resolving power exceeding a 
light diffraction limit. Next explained is a method for 
manufacturing this optical waveguide probe 200. FIGs. 
1 1 A and 1 1 B are flowcharts showing process for manu- 
facturing this optical waveguide probe 200. FIG. 12 to 
FIG. 14 are explanatory views showing a process for 
manufacturing the optical waveguide probe 200. 
[0075] FIG. 11 A is an explanatory view demonstrating 
one manufacturing method for an optical waveguide 
probe 200. In step Si 101 , a substrate 25' is rested on a 
work table. A silicon wafer (with a thickness of 100 pm - 
1000 fim) is used for a material of the substrate 25'. 
Besides a silicon wafer, it is possible to use a dielectric 
crystal such as of glass or quartz, a semiconductor 
crystal such as of Si or GaAs, or a polymer material 
(FIG. 12 A). 

[0076] In step S1102, a cladding 22' (thickness 0.1 *im 
- 5 ^im) is formed on the silicon wafer (FIG. 1 2B). In step 
S1 103, a core 21' (thickness 3 pm - 10 jim) is formed on 
the cladding 22* (FIG. 12C). Instep S1104, a cladding 
22' is formed on the core 2V (FIG. 12D). 
[0077] For the core 21' and cladding 22\ different 
refractivities of silicon oxide are formed by a sputtering 
method, CVD method, or vacuum evaporation method. 
For example, in plasma CVD, by introducing a fluorine 
gas for film forming, a low refractive index film can be 
formed that is to serve as a cladding layer. Incidentally, 
boron or phosphorus may be doped to silicon oxide to 
form different refractivities of films. 
[0078] Also, the materials to be used for the core 21* 
and cladding layer 22' include, besides the above, glass, 
quartz, dielectric material such as silicon nitride, poly- 
mer material such as poly methyl methacrylate or poly- 
irrude. 

[0079] In step S1105, a pattern for an optical 
waveguide 23 is formed (FIG. 12D). The pattern for an 
optical waveguide 23 is formed along a mask form 
made by photolithography by dry etching method with 
anisotropy due to reactive ion etching or induced 
plasma etching. The mask material employs amor- 
phous silicon, polysilicon, single crystal silicon, metal 
film such as of Cr, AI, WSi, Ni or Au, or photo resist. A 
top view of an optical waveguide 23 pattern is shown in 
FIG. 12E The optical waveguide 23 is formed sharp at 
its tip. 

[0080] In step S1 1 06, polyimide 30 (thickness 1 pm - 
20 pm) is formed on the cladding 22 (FIG. 13F) 
Although a mask pattern process is required for forming 
this polyimide 30, it is a well known technology and 
explanation is omitted. 

[0081] Using this polyimide 30, bending is provided for 
the cantilever 26. A bending process will be described 



hereinafter. Where photo sensitive polyimide is used, a 
pattern is formed by photolithography, simplifying the 
process. The photo sensitive polyimide is applied by a 
technique of spin coating, dip coating or spray coating. 
5 At this time point, baking is conducted at approximately 
70-100 °C. Also, it is possible to use as another mate- 
rial a material that is high in thermal coefficient of 
expansion such as an epoxy-based resin or polymer 
material. 

io [0082] In step S1107, the silicon wafer is etched to 
form a substrate 25 (FIG. 13G). Etching is carried out 
from a back surface side using wet etching with anisot- 
ropy such as a potassium hydroxide (KOH) solution or 
tetramethyl ammonium hydroxide (TMAH). Arterna- 

15 tively, anisotropic or isotropic dry etching is usable. 
[0083] In step S1108, bending is provided for the can- 
tilever 26 by the utilization of a difference in thermal 
coefficient of expansion between silicon oxide and poly- 
imide (FIG. 13H), The polyimide 30 is again cured at a 

20 high temperature (400 °C - 600 °C). The polyimide 30 
high in thermal coefficient of expansion, rf returned to a 
room temperature, contracts. As a result, large stresses 
are applied over a top surface of silicon oxide and the 
cantilever 26 is bent in an opposite direction to the sub- 

25 strate 25. 

[0084] In step Si 109. the cantilever 26 is sharpened 
by etching (FIG. 131). A chemical etch method with a 
hydrogen fluoride solution is employed for a method to 
sharpen the tip of the optical waveguide 23. A basic 

30 method of chemical etching includes immersion in a 
hydrogen fluoride solution with a volumetric ratio of 
NH4F (40 wt%) : HF (50 wt%) : H20 = 5 - 50 : 1 : 1 for 5 
to 90 minutes to remove an end of the cladding 22, etch- 
ing the core 21. 

35 [0085] FIGs. 1 4A, 1 4B and 1 4C are explanatory views 
illustrating a sharpening process. The optical 
waveguide 23 formed through up to the step S1 108 is 
immersed in a hydrogen fluoride solution (FIG. 14A). If 
the optical waveguide 23 is immersed in a hydrogen flu- 

40 oride solution, a meniscus M is produced around the 
optical waveguide 23 due to a surface tension of hydro- 
gen fluoride. The optical waveguide 23 at a portion 
around that covered by the meniscus M is tapered off by 
etch progression (FIG. 14B). The meniscus M becomes 

45 small as the optical waveguide 23 becomes thinner. As 
a result of etch progression, the optical waveguide 23 is 
sharpened (FIG. 14C). According to this method, it is 
possible to provide the tip portion with a radius of curva- 
ture in dimension of approximately 2 nm. Also, high 

so reproducibility of tip angle is available because the core 
21 sharpened angle is determined by a concentration 
fluorine in the core 21 . 

[0086] In step S1110, a light reflective layer 4 is 
formed over the optical waveguide 23 (FIG. 13J). By 
55 structuring the light reflective layer 24, where light is 
introduced into the optical waveguide probe 200 (collec- 
tion mode), it is possible to remove the light noise from 
a side surface. On the other hand, where light is illumi- 
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nated from the optical waveguide probe 200 (illumina- 
tion mode), it is possible to impinge light only onto the 
aperture 27 region. As a result, resolving power can be 
improved. A metal film such as of Cr, Al, Au or Ni is 
suited for a material of the light reflective layer 24. The 
coating method employs a sputter method, vacuum 
evaporation method or electroless plating method. 
[0087] In this case, the aperture 27 is also covered by 
the light reflective layer 24. Accordingly, the aperture 27 
requires to be removed of the light reflective layer 24. 
This method uses aperture due to oxide or alkaii etching 
or dry etching, or a method of mechanically removing by 
pressing the probe tip during AFM actuation. Mean- 
while, when a light reflective film is formed by sputtering 
or vacuum evaporation, it is possible to form a micro- 
scopic aperture 27 if a film be toned in a direction tilted 
by 90 degrees from a direction of sputter or evaporation 
film forming. 

[0088] Incidentally, no problem is caused in manufac- 
ture if the step Si 1 06 and the step S1 1 07 are reversed 
in order. Also, no problem is caused in manufacture if 
the step S1108 and the step St 109 are reversed in 
order. 

[0089] FIG. 1 1 B is an explanatory view demonstrating 
another manufacturing method for an optical waveguide 
probe 200. Step S1 101 to Step S1 105 are same as the 
process of FIG. 11 A. In step S11061, silicon nitride 38 
(thickness 0.1 \xm - 5 urn) is formed on the cladding 22 
(FIG. 13F}. This silicon nitride 38 is overlaid by CVD 
and patterned using dry etching through a photolitho- 
graphic process. The silicon nitride is overlaid in a high 
temperature state (higher than 400 °C) by CVD. Silicon 
nitride has a high thermal coefficient of expansion, with 
a result that it, if returned to a normal temperature, 
applied great stress to the cladding 22. The other die- 
lectric materials may be used as another material with- 
out limited to silicon nitride. 

[0090] In step S1107, the silicon wafer is etched to 
form a substrate 25 (FIG. 13G0- Etching is carried out 
from a back surface side using wet etching with anisot- 
ropy such as a potassium hydroxide (KOH) solution or 
tetramethyl ammonium hydroxide (TMAH). Alterna- 
tively, anisotropic or isotropic dry etching is usable. In 
this process, a cantilever 26 is formed and the cantilever 
26 is bent by great stress applied to the cladding 22. 
[0091] Step S1109 (FIG. 131*) is similar to process 
step S1109 (FIG. 131) of FIG. 11 A. Step S1110 (FIG. 
13J ") is similar to process step S1 1 10 (FIG. 1 3 J) of FIG. 
11 A. 

[0092] As described above, the optical waveguide 
probe 200 is manufactured through the silicon process 
as above, enabling batch processing and being suited 
for mass production. Also, manufacture is on a wafer 
collective process, reducing variation. Furthermore, 
manufacture is by a silicon process, stabilizing product 
property. Also, the reduction in probe size increases the 
number per wafer, reducing cost. 



[Embodiment 10] 

[0093] FIGs. 15A, 15B, 15C and 15D are sectional 
views showing optical waveguide probes according to 

5 Embodiment 10 of this invention. In an optical 
waveguide 23 of a three layered structure shown in FIG. 
15A, a cladding 22 and a core 21 are formed in film on 
a silicon wafer, and then patterned. Thereafter, a pat- 
tern for cladding 22 is formed. This optical waveguide 

10 23 exhibits a favorable optical waveguide characteristic 
with less loss because the core 21 is completely cov- 
ered by the cladding 22. 

[0094] In an optical waveguide 23 of a three layered 
structure shown in FIG. 15B, a cladding 22, a core 21 

is and a cladding 22 are formed in film on a silicon wafer, 
and thereafter the three layers are patterned at one 
time. Due to this, the core 21 at its upper and lower sur- 
faces contacts with the claddings 22. Due to the 
absence of a cladding 22 at side surfaces, the optical 

20 waveguide characteristic is inferior to that of the optical 
waveguide of FIG. 15A but the manufacture process 
can be reduced. 

[0095] An optical waveguide 23 shown in FIG. 15C is 
of a two layered structure having a cladding 22 and a 

25 core 21 on a silicon wafer. In this optical waveguide, 
after film-forming the cladding 22 and the core 21, the 
two layers are patterned at one time. Because the clad- 
ding 22 exists only underside core 21, the waveguide 
characteristic is inferior to the optical waveguide of FIG. 

30 1 5B but the manufacture process is further reduced. 
[0096] An optical waveguide 23 shown in FIG. 15D is 
of a structure formed in film with only a core 21 on a sil- 
icon wafer. The core 21 at its periphery is covered by a 
light reflective layer or silicon wafer. The optical 

35 waveguide characteristic is inferior to that of the above 
optical waveguide but easiest in manufacture. 

[Embodiment 11] 

40 [0097] FIGs. 16A and 16B are explanatory views 
showing optical waveguide probes according to Embod- 
iment 1 1 of this invention. These optical waveguide 
probes 201 , 202 are modified in polyimide 30 forming 
pattern. In FIG. 16A, polyimide 30 is formed on over the 

45 entire region of the cantilever 26 as the polyimide 30 
formed in the above step S1 106. By doing so, the canti- 
lever 26 can be largely and moderately bent in the bend- 
ing process of the step S1 1 08. This provides a favorable 
optical waveguide characteristic with less loss. 

so [0098] In an optical waveguide probe 202 of FIG. 1 6B, 
polyimide 30 was formed on over the entire cladding 22. 
This provides a further greater radius of curvature, fur- 
ther reducing optical loss. Also, no patterning is 
required for the polyimide 30, also providing an effect of 

55 reducing the manufacture process, tn the optical 
waveguide probes 201 , 202 of FIG. 16A or FIG. 16B, sil- 
icon nitride may be used in place of polyimide. 
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[Embodiment 12] 

[0099] FIGs. 1 7 A, 17B and 1 7C are explanatory views 
showing an optical waveguide probe according to 
Embodiment 12 of this invention. In an optical 
waveguide probe 203 of this Embodiment 12, the canti- 
lever 26 is formed with grooves to locally reduce the 
thickness thereby enhancing a bending effect As 
shown in FIG. 17A, grooves 31 rectangular in section 
are formed in the cantilever 26, and polyimide 30 is 
formed thereon. This reduces the moment of inertia of 
section on the cantilever 26, enabling large bending. 
Incidentally, the grooves 31 are formed after the clad- 
ding forming process (step S1 104). 
[01 00] Also, the groove form is not limited to rectangu- 
lar. For example, it may be in a sectionally wedge form 
as shown in FIG. 1 7B, or sectionally U -character form 
as shown in FIG. 1 7C. Further, the grooves may be pro- 
vided in the cladding 22 on the substrate 25 side as 
shown in of Fig. 18A. Also, the grooves 31 may be 
formed in the claddings 22 on the upper and lower 
sides, as shown in Fig. 18B. Although not shown, the 
groove form in the same figure may be in a sectionally 
wedge form or sectionally U -character form as were 
shown in the above FIG. 17B and FIG. 17C. This can 
also largely bend the cantilever 26. In the optical 
waveguide probe 203 of FIGs. 1 7A. 1 7B. 1 7C and FIGs. 
18A, 18B. silicon nitride maybe used in place of polyim- 
ide. 

[Embodiment 13] 

[0101] FIG. 19 is an explanatory view showing a 
method for manufacturing an optical waveguide probe 
according to Embodiment 13 of this invention. The man- 
ufacturing method for an optical waveguide probe 204 
according to Embodiment 13 is characterized in that the 
cantilever 26 is bent by laser light heating without using 
polyimide 30. The laser light R emitted from a laser 
oscillator 32 is focused on the cantilever 26 by a lens 33. 
The cladding 22 illuminated by the laser light R is 
greater in heat absorbing amount than the cladding 22 
on the opposite side. Due to this, the cantilever 26 is 
bent in a direction impinged upon with the laser light R 
by a surface tension of softened oxide silicon. The 
bending should be in a range of 10 degrees to 90 
degrees. The adjustment in a radius of curvature is per- 
formed by a laser light R spot size. In this case, there is 
no necessity of forming polyimide 30 as used in the opti- 
cal waveguide probes of the above Embodiment 9-12. 

[Embodiment 14] 

[0102] FIG. 20 is an explanatory view showing a 
method for manufacturing an optical waveguide probe 
according to Embodiment 14 of this invention. In the 
optical waveguide probe according to this Embodiment 
1 4, a pattern for an optical waveguide 23 is formed by 



isotropic etching and simultaneously the cantilever 26 at 
its tip is formed into a sharp form. In patterning, wet 
etching with a hydrogen fluonde solution or dry etching 
is used for example. Also, patterning may be made by 

5 reactive ion etching with a mask of a metal such as Al, 
Cr or WSi or photo resist. In this optical waveguide 
probe, the cladding 22 on the substrate 25 side is 
formed thin. The thickness of the same cladding 22 is 
preferably at approximately 0.1 urn. 

10 [0103] In the manufacturing process for this optical 
waveguide probe, a cladding 22, a core 21 and a dad- 
ding 22 are formed in the order through the processes 
of the step Si 101 - step S1 104 in Embodiment 9. Next, 
isotropic etching is used in the process of the step 

75 S1 105. By this process, the optical waveguide 23 at *ts 
tip is sharpened on the substrate 25'. Subsequent-/, 
performed are the processes of step S1106 - step 
S1108 (FIG. 11 A) or the processes of step S11061 - 
step S1107 (FIG. 11B). In this case, the step S1109 

20 (sharpening process) of Embodiment 9 is unnecessary 
and omitted. Finally, a light reflective layer 24 is formed 
around the optical waveguide 23. There is shown in 
FIG. 21a magnified view of a completed cantilever 26 
tip portion. 

25 [0104] In this manner, the cladding 22 and core 21 
sharpened by the isotropic etching are exposed from 
the light reflective layer 24, thus forming an aperture 27. 
This reduces the manufacturing process as compared 
to the optical waveguide probe of Embodiment 9 f pro- 

30 viding improvement in yield and shape stabilization. 
Incidentally, the bending process (step S1108) can use 
a technique of Embodiment 13. In this case, it is possi- 
ble to omit the polyimide forming process. Also, the 
techniques of Embodiments 11 and 12 may be appro- 

35 priately used. 

[Embodiment 15] 

[0105] FIG. 22 is an explanatory view showing a 

40 method for manufacturing an optical waveguide probe 
according to Embodiment 15 of this invention. In the 
optical waveguide probe of this Embodiment 1 5, an opti- 
cal waveguide 23 pattern is formed by anisotropic etch- 
ing and simultaneously the cantilever 26 at its tip is 

45 formed in a sharp form. 

[01 06] In the manufacturing process for this optical 
waveguide probe, a cladding 22, a core 21 and a dad- 
ding 22 are first formed in the order in the processes of 
the step S1 101 -step S1 104 of Embodiment 9. tnciden- 

50 tally, the cladding 22 to be formed on an upper surface 
of the core 21 is formed thin. The thickness of this clad- 
ding 22 is preferably at approximately 0.1 *irrr Next, the 
step S1105 uses anisotropic etching. In this process, 
first the substrate is tilted by a predetermined angle 

55 (e.g. 45 degrees). In this state, etching is conducted to 
sharpen the tip of the optical waveguide 23. Also, simul- 
taneously with this, a pattern for an optical waveguide 
23 is formed. The mask material for etching uses amor- 
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phous silicon, polysilicon, single crystal silicon, metal 
such as Al, Cr or WSi or photo resist. Etching uses dry 
etching with high anisotropy. For example, reactive ion 
etching, induction coupling plasma etching or the like is 
used. 5 
[0107] Subsequently, performed are the processes of 
step S1106 - step S1 108 (FIG. 11 A) or the processes of 
step S1 1061 - step S1 107 (FIG. 11B). In this case, the 
step S1109 in Embodiment 9 (sharpening process) is 
not necessary and omitted. Finally, a light reflective 10 
layer 24 is formed around the optical waveguide 23. 
FIG. 23 shows a magnified view of a completed canti- 
lever 26 tip portion. 

[0108] In this manner, the cladding 22 and core 21 
sharpened by the anisotropic etching are exposed from 15 
the light reflective layer 24, thus forming an aperture 27. 
This reduces the manufacturing process as compared 
to the optical waveguide probe of Embodiment 9, pro- 
viding improvement in yield and shape stabilization. 
Incidentally, the bending process (step S1108) can use 20 
a technique of Embodiment 13. In this case, it is possi- 
ble to omit the polyimide forming process. Also, the 
techniques of Embodiments 11 and 12 may be appro- 
priately used. 

25 

[Embodiment 16] 

[01 09] FIG. 24 shows an explanatory view showing an 
optical waveguide probe according to Embodiment 16 
of this invention. This optica! waveguide probe 300 has. 30 
in Embodiment 15, an optical waveguide layer 24 
formed around the optical waveguide 23 without bend- 
ing the optical waveguide 23 sharpened by anisotropic^ 
etching. 

[0110] The manufacturing process for this optical 35 
waveguide probe 300 is same as in Embodiment 15 
excepting that the polyimide forming process (step 
S1 106) and the bending process (step S1 108) are omit- 
ted from Embodiment 1 5 (FIG. 1 1 A) or the silicon nitride 
forming process (step S1 1061) is omitted from Embodi- 40 
ment 15 (FIG. 11B). The tip of this optical waveguide 
probe 300 is sharpened by anisotropic etching as 
shown in a magnified view of FIG. 25 so that a sample 
surface can be measured by largely tilting with respect 
to a sample or vertically placement. Incidentally, sharp- 45 
ening may be made using isotropic etching in Embodi- 
ment 14. 

[Embodiment 1 7] 

50 

[01 11 ] FIG. 26 is an explanatory view showing an opti- 
cal waveguide probe structure according to Embodi- 
ment 1 7 of this invention. This optical waveguide probe 
400 has a dielectric material 34 formed at an underside 
of the cantilever 26 so that the cantilever 26 is bent by 55 
utilizing a thermal coefficient of expansion thereof. The 
dielectric material 34 uses silicon oxide doped, for 
example, with fluorine, boron or phosphorus. The die- 



lectric material 34 has a thermal coefficient of expan- 
sion smaller than that of the overall optical waveguide 
23. As a result, bending stresses are applied to the can- 
tilever 26 so that the cantilever 26 is bent toward the 
opposite side to the substrate 25. Incidentally, the canti- 
lever 26 may be formed with grooves 31 as described in 
the above Embodiment 12. 

[Embodiment 18] 

[01 12] FIG. 27 is a schematic explanatory view of an 
optical waveguide probe according to Embodiment 18 
of this invention. This optical waveguide probe 500 is 
characterized by providing a groove 35 in the substrate 
25 in order to facilitate coupling between the optica! 
waveguide 23 and the optical fiber 28. The other struc- 
tures are same as in the above Embodiment 
[01 13] A groove 35 in a V-character form is formed on 
the substrate 25 in a manner matched to a diameter of 
the optical fiber 28. The substrate 25 is somewhat elon- 
gate in order to form a groove 35. The groove 35 is 
formed using an anisotropic wet etching method or a 
dry etching method with anisotropy. For example, it is 
possible for an anisotropic etching using TMAH to form 
a V-character formed groove 35 having a certain angle 
by utilizing an etch rate difference of crystalline sur- 
faces. The optical fiber 28 is positioned by two slant sur- 
faces of the groove 35. An adhesive which is to be set 
by UV ray radiation is used to fix the optical fiber 28. 
Incidentally, other adhesives than this may be used. The 
optical f ber 28 at its end may be closely contacted with 
an end of the optical waveguide 23 in a state that the 
optical f ber 28 is in a fixed state. 
[01 14] The light from a light source 36 is focused on 
one surface of the optical fiber 28 by a lens 37. The light 
introduced into the optical fiber 28 passes through an 
inside of the optical fiber 28, reaching the other end sur- 
face. The light emitted from the end surface of the opti- 
cal fiber 28 enters into the optical waveguide 23. 
[01 1 5] If the optical f ber 28 is positioned in position by 
providing a groove 35 in the substrate 25 as above, the 
alignment of the optical fber 28 with the optical 
waveguide 23 is easy in coupling therebetween. Inci- 
dentally, the shape of the groove 35 may be in a U-char- 
acter form or recess form without limited to the V- 
character form. 

[Embodiment 19] 

[01 16] FIG. 28 is a structural view showing a scanning 
probe microscope according to Embodiment 19 of this 
invention. This scanning probe microscope 1000 is pro- 
vided with an optical waveguide probe 200 (- 500), a 
light source 51 for optical information measurement, a 
lens 52 placed in front of the light source 51. an optical 
fber 53 for transmitting the light collected by the lens 52 
to the optical waveguide probe, a prism 54 for reflecting 
the propagation light caused at a tip of the optical 
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waveguide probe placed under a sample W, a lens 55 
for focusing the reflected propagation light reflected by 
the prism 54, and a photo detector section 56 for receiv- 
ing the focused propagation light, which were shown in 
Embodiment 9 to Embodiment 15 and Embodiment 17 
and Embodiment 18. 

[0117] Also, there are provided, above the optical 
waveguide probe 200, a laser oscillator 57 for outputting 
laser light, a mirror 58 for reflecting the laser light 
reflected upon the optical waveguide probe 200, and a 
vertically two-divided photoelectric converting section 
59 for receiving and photoelectrical! y converting the 
reflected laser light Further, there are provided a rough 
movement mechanism 60 and tine movement mecha- 
nism 61 for moving and controlling the sample W and 
the prism 54 in XYZ directions, a servo mechanism 62 
for driving these rough movement mechanism 60 and 
fine movement mechanism 61, and a computer 63 for 
controlling the overall apparatus. This scanning probe 
microscope 1000 is suited for measurement in a 
dynamic mode or contact mode. 
[01 18] Explanation is then made on the operation of 
this scanning probe microscope 1000. The laser light 
emitted from the laser oscillator 57 is reflected upon the 
optical waveguide probe 200. The optical waveguide 
probe 200 is displaced by an attractive or repelling force 
to or from the sample W. Due to this, the reflected laser 
light deflects which is detected by the photoelectric con- 
verting section 59. 

[01 1 9] The signal detected by the photoelectric con- 
verting section 59 is sent to the servo mechanism 62. 
The servo mechanism 62 controls the rough movement 
mechanism 60 and fine movement mechanism 61 
based on a transmission signal such that the optical 
waveguide probe 200 approaches the sample W and 
that the deflection of the optical waveguide probe does 
not exceed a specified value during observing the sur- 
face. The computer 63 receives information on surface 
geometry from the control signal of the servo mecha- 
nism 62. 

[0120] Also, the light emitted from the light source 51 
is focused by the lens 52 to reach the optical fiber 53. 
The light passed through the inside of the optical fiber 
53 is introduced into the optical waveguide 23 and illu- 
minated through its aperture 27 onto the sample W. On 
the other hand, the optical information about the sample 
W totally reflected by the prism 54 is focused by the lens 
55 and introduced into the light detecting section 56. 
The signal of the light detecting section 56 is acquired 
through an analog input interface of the computer 63 
whereby it is detected as optica! information by the com- 
puter 63 

[Embodiment 20] 

[01 21 ] FIG. 29 is a structural view showing a scanning 
probe microscope according to Embodiment 20 of this 
invention. This scanning probe microscope 2000 is pro- 



vided with an optical waveguide probe 300 shown in 
Embodiment 16 and Embodiment 18. an excitation 
means 71 for holding the optical waveguide probe 300, 
a light source 72 for optical information measurement, a 

5 lens 73 placed in front of the light source 72, an optical 
ftoer 74 for propagating the light focused by the lens 73 
to the optical waveguide probe 300, a lens 75 placed 
under the sample W to focus the propagation light 
caused at the tip of the optical waveguide probe 300, 

w and a light detecting section 76 for receiving the focused 
propagation light. 

[0122] Further, there are also provided, on a lateral 
side of the optical waveguide probe 300, a laser oscilla- 
tor 77 for outputting laser light, a lens 78 for focusing 

is laser light, and a photoelectric converting section 79 for 
receiving and photoelectrically converting the laser 
light. Further, provided are a scanning means 80 for hol- 
ing a sample, and a control means 81 for controlling the 
overall apparatus. This scanning probe microscope 

20 2000 is suited for measurement in a sure force mode. 
[0123] The light emitted from the laser oscillator 77 is 
focused by the lens 78 onto the optical waveguide probe 
resonant-vtorated by the excitation means 71 . The pro- 
jection light of the optical waveguide probe is received 

25 and photoelectrically converted by the photoelectric 
converting section 79. The information from the photoe- 
lectric converting section 79 is conveyed to the control 
means 81 . The control means 81 controls the scanning 
means 80 based on the information to maintain con- 

30 stant the spacing between a tip of the optical waveguide 
probe and a sample surface. 

[0124] On the other hand, the light emitted from the 
light source 72 is focused on an end face of the optical 
ffoer 74 by the lens 73. Subsequently, the light passed 

35 through the inside of the optical fiber 74 is introduced 
into the optical waveguide 23 of the optical waveguide 
probe, and then illuminated through the aperture 27 
thereof to the sample W. This optical information is col- 
lected by the lens 75 and detected by the light detecting 

40 section 76. 

[01 25] From the above it is possible to detect change 
in near field optical characteristic due to XY scanning. 
Also, the resonant characteristic of the optical 
waveguide probe 300 is varied by an atomic force acting 

45 between the optical waveguide probe 300 tip and the 
sample surface. If this variation is detected as an elec- 
tric characteristic change by the control means 81, the 
sampe surface can be observed in geometry by XYZ 
scanning. 

50 

[Embodiment 21] 

[0126] FIG. 30 is an explanatory view showing a man- 
ufacturing method for an optical waveguide probe 
55 according to Embodiment 21 of this invention. For the 
optical waveguide probe according to this Embodiment 
21, a pattern for an optical waveguide 23 is made by 
anisotropic etching and simultaneously the optical 
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waveguide 23 at its tip is made to a sharp form. In pat- 
terning, dry etching with anisotropy is used that typically 
includes reactive ion etching (RIE). For a mask, a metal 
such as Ai, Cr or WSi, or photo resist or polysilicon or 
amorphous silicon is used. For this optical waveguide 5 
probe, the cladding 22 on the substrate 25 side is 
formed thin. The thickness ol the same dadding 22 is 
preferably at approximately 0.1 jam. 
[0127] In a manufacturing process for this optical 
waveguide probe, a cladding 22, a core 21 and a clad- 10 
ding 22 are first formed in order by the process of the 
step S1 101 - step Si 104 in Embodiment 9. Next, aniso- 
tropic etching is used in a process of the step S1 1 05. By 
this process the tip of the optical waveguide 23 is sharp- 
ened on the substrate 25". Subsequently, performed is a 15 
process of the step S1 106 - step S1 108 (FIG. 1 1 A) or a 
process of the step S1 1061 - step S1 107 (FIG. 11 B). In 
this case, the step S1109 (sharpening process) in 
Embodiment 9 is unnecessity and omitted. Finally, a 
light reflective layer 24 is formed on a periphery of the 20 
optical waveguide 23. FIG 31 shows a magnified view of 
a tip portion of a completed cantilever 26. 
[0128] In this manner, the cladding 22 and core 21 
sharpened by anisotropic etching are exposed from the 
light reflective layer 24. forming an aperture 27. By 2s 
doing so, the manufacturing process is reduced as com- 
pared to the optical waveguide probe of Embodiment 9 
thus improving the yield and stabilizing the shape. Inci- 
dentally, the technique of Embodiment 13 can be used 
for the bending process (step S1 108). In this case, the 30 
polyimide forming process can be omitted. Also, the 
techniques of Embodiments 11 and 12 may be utilized 
appropriately. 

[Embodiment 22] 35 

[01 29] FIG. 32 is an explanatory view showing an opti- 
cal waveguide probe according to Embodiment 22 of 
this invention. 

[01 30] In this optical waveguide probe 600, an optical 40 
waveguide 23 is vertically etched with respect to the 
substrate 25 by anisotropic dry etching typically includ- 
ing reactive ion etching (RIE). An optical waveguide 23 
of an aperture 27 removed of a light reflective film 24 as 
at least two sets of surfaces is formed by vertical three 45 
surfaces. The optical waveguide 23 is bent by an effect 
of stresses due to polyimide 30. 

[0131] In a manufacturing method for this optical 
waveguide probe 600, a cladding 22, a core 21 and a 
cladding 22 are first formed in order by the process of so 
the step S1101 - step S1104 in Embodiment 9. The 
thickness of the cladding 22 positioned opposite to the 
substrate 25 is preferably at approximately 0.05 pm - 
0.2 um. Next, in the process of the step S1 105 an opti- 
cal waveguide 23 is vertically etched with respect to the 55 
substrate 25 by using anisotropic dry etching. In this 
process, the tip of the optical waveguide 23 to be 
famed into an aperture 27 is formed by three surfaces 



with two sets of vertical surfaces. For example, when 
amorphous silicon is used as a mask, the amorphous 
silicon mask as viewed from above the substrate is 
made in triangular form to vertically etch the tip of the 
optical waveguide 23 by RIE. The tip is made by a top 
surface of the cladding 22 and two vertical surfaces to 
the cladding 22 corresponding to two slant surfaces of 
the amorphous silicon triangular form as a mask. Sub- 
sequently, performed is a process of the step S1106- 
step S1108 (FIG. 1 1 A) or a process of the step S1 1 06- 
step S1107 (FIG. 11B). In this case, the step S1109 
(sharpening process) in Embodiment 9 is unnecessity 
and omitted. Finally, a light reflective layer 24 is formed 
on a periphery of the optical waveguide 23. 
[01 32] In a scanning near field optical microscope, the 
isotropic placement of an optical waveguide tip having 
an atomic force with a sample with respect to a sample 
surface is preferred because a measurement result can 
be obtained not dependent upon a shape of the tip. In 
the case of an optical fiber probe, the tip shape is in a 
sharp form so that the isotropic placement with respect 
to a sample requires probe bending nearly rectangu- 
larly. If the bending angle is large, light loss increases at 
a bent portion of the optical waveguide 23 to lower the 
transmission efficiency of light propagating through the 
inside of the optical waveguide 23. On the other hand, in 
the case of the optical waveguide probe 600 shown in 
FIG. 32, as shown in FIG. 32 the optical waveguide 23 
tip as an aperture for the optical waveguide probe 600 is 
rectangular in form as viewed from the side. To isotropi- 
cally place the tip with respect to a sample satisfactorily 
requires a bending of the optical waveguide of approxi- 
mately 45 degrees. That is. the optical waveguide probe 
600 is smaller in optical waveguide bending angle as 
compared to that of the optical fiber probe. This reduces 
the light loss at the bent portion of the optical waveguide 
23 and increases the transmission efficiency of light 
propagating through the inside of the optical waveguide 
23. Also, the small bending angle stabilizes the bending 
shape in the bending process (step S1108) and 
improves the yield. Also, the unnecessity of a sharpen- 
ing process reduces the number of manufacturing proc- 
esses as compared to the optical waveguide probe of 
Embodiment 9, further improving the yield. 

[Embodiment 23] 

[01 33] FIG. 33 is an explanatory view showing an opti- 
cal waveguide probe array according to Embodiment 23 
of this invention. 

[01 34] A plurality of optical waveguides 39 are formed 
on the substrate 25. All the optical waveguides 39 are 
bent in an opposite direction to the substrate 25, as 
shown in FIG. 33. Also, the optical waveguides 39 may 
be arranged parallel as sown in FIG. 33, or arranged 
directed in different directions. In this manner, a variety 
of combinations are feasible. The use of the optical 
waveguide probe array 700 structured as this makes it 
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possible to observe on a large area at high speed even 
if the probe sweep speed is reduced. Also, where the 
optical waveguide probe array 700 is used as a head 
array for an optical memory, if the probe aperture is 
positioned in proximity to a memory medium memorized 
with information and positioned over a plurality of 
medium tracks, high-speed light memorization and 
reproduction is possible without increasing the head 
speed to a high speed. 

[0135] Meanwhile, if the optical waveguide probe 
array 700 is structured with a plurality of kinds of optical 
waveguides 39 on the substrate 25, it becomes possible 
to opt an arbitrary optical waveguide 39 in a manner 
suited lor the purpose. The optical waveguide probe 
array 700 constructed as this is compatible with various 
applications. 

[01 36] Also, where a plurality of optical waveguides 39 
are arranged in a same shape on the substrate 25, even 
if one optical waveguide is damaged, the other optical 
waveguides can be selected. Thus, continuous use is 
possible without exchanging the optical waveguide 
probe. 

[01 37] Meanwhile, it is possible to use one of a plural- 
ity of optical waveguides in an illumination mode to illu- 
minate light through the microscopic aperture creating 
near field light, and to use another optical waveguide in 
a collection mode to detect near field light caused on a 
sample surface by the microscopic aperture. Due to 
this, for example, the light irradiation onto a sample sur- 
face creates near field light on the sample surface. 
Thus, it is realized on a common substrate to pick up 
sample -surface near field light propagation light caused 
through interaction with the microscopic aperture. 

INDUSTRIAL APPLICABILITY 

[0138] As explained above, according to this inven- 
tion, a lever portion can be made in a short, thin shape 
as compared to the conventional SNOM optical fiber 
probe. Because the resonant frequency can be 
increased without increasing the spring constant, simul- 
taneous measurement is possible for high speed, high 
accurate and good reproducible shape and optical char- 
acteristics. Also, because the optical waveguide portion 
formed in a hook form can be increased in length, it is 
easy to measure a sample with a large step. Further- 
more, vibration in a liquid is stable due to the rectangu- 
lar cantilever shape as compared to the conventional 
AFM cantilever with a flat plate cantilever, which makes 
possible to carry out simultaneous measurements of 
high accurate AFM and SNOM in a liquid. 
[01 39] Also, because the optical waveguide portions 
are laid on the substrate in one body, handling is easier 
than in the optical fiber probe. In addition, because the 
manufacturing method is good in mass producibility and 
shape reproducibility, it is possible to manufacture an 
optical waveguide probe with even mechanical property 
at low price. 



[0140] Also, because a material different in thermal 
coefficient of expansion from the optical waveguide is 
formed in the optical waveguide and heated up, the opti- 
cal waveguide is easy to bend. 

5 [0141] Also, the amount of bending in the optical 
waveguide is reduced by forming the aperture of the 
optical waveguide with an apex of three surfaces includ- 
ing two surfaces with a rectangular angles, stably 
obtaining an optical waveguide probe bent form. Also, 

io the light transmission efficiency through the optical 
waveguide is improved. 

[0142] Also, an optical waveguide probe array excel- 
lent in evenness and shape reproducibility can be man- 
ufactured with high mass producibility and at low cost. 
is [0143] Where conducting measurement using this 
probe array, if one optical waveguide be damaged, 
another optical waveguide can be used. This makes it 
possible to perform measurement without exchanging 
the probe. 

so [0144] Also, if various shapes of probes are arranged 
on one substrate, measurement is possible by selecting 
a probe suited for a purpose of the measurement. 
[0145] Also, if the probe array is utilized as a head 
array for an optical memory, data reading and writing 

25 are possible at high speed. Also, reading and writing 
can be simultaneously made on a same media. In such 
a head array, trackingless is possible. 

Claims 

30 

1. In an optical waveguide probe having an optical 
waveguide sharpened at a probe needle portion 
formed in a hook form and a substrate supporting 
said optical waveguide, said optical waveguide 

35 probe characterized in that said optical waveguide 
is overlaid on said substrate and formed integral 
therewith. 

2. In an optical waveguide probe having an optical 
40 waveguide sharpened at a probe needle portion 

formed in a hook form, a substrate supporting said 
optical waveguide and a metal film coat covering 
said optical waveguide, said optical waveguide 
probe characterized in that said optical waveguide 
45 is overlaid on said substrate and formed integral 
therewith and said probe needle portion of said 
optical waveguide has at a tip a periphery of an 
aperture covered over by said metal film coat. 

so 3. An optical waveguide probe according to claim 1 or 
claim 2. wherein said optical waveguide is formed 
of dielectric. 

4. An optical waveguide probe according to claim 2. 
55 wherein said optical waveguide is formed of dielec- 
tric that consists of a single material. 

5. An optical waveguide probe according to claim 1 or 
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claim 2, wherein said optical waveguide comprises 
a core for light transmission and a cladding rela- 
tively smaller in refractive index than said core. 

6. A method for manufacturing an optical waveguide 
probe, comprising: a process of forming a mold for 
embedding said optical waveguide in a substrate, a 
process of depositing said optical waveguide, a 
process of separating said optical waveguide along 
said mold for embedding said optical waveguide, a 
process of separating said optical waveguide probe 
from said substrate. 

7. A method for manufacturing an optical waveguide 
probe, comprising: a process of forming a mold for 
embedding said optical waveguide in a substrate, a 
process of depositing said optical waveguide, a 
process of patterning said optical waveguide into a 
probe shape, a process of separating said optical 
waveguide probe from said substrate. 

8. A method for forming an optical waveguide probe 
according to claim 6 or claim 7, wherein said proc- 
ess of forming a mold for embedding said optical 
waveguide is an isotropic dry etching process 
using, as etching mask, photo resist having a thick- 
ness distribution having been exposed using a 
photo mask with a gradation. 

9. A method for forming an optical waveguide probe 
according to claim 6 or claim 7, wherein said proc- 
ess of forming a mold for embedding said optical 
waveguide is an isotropic wet etching process 
using, as etching mask, photo resist having a thick- 
ness distribution having been exposed using a 
photo mask with a gradation. 

10. A method for forming an optical waveguide probe 
according to claim 6 or claim 7, wherein said proc- 
ess of forming a mold for embedding said optical 
waveguide is an anisotropic dry etching process 
using, as etching mask, photo resist having a thick- 
ness distrtoution having been exposed using a 
photo mask with a gradation. 

1 1 . A method for forming an optical waveguide probe 
according to claim 6 or claim 7, wherein said proc- 
ess of forming a mold for embedding said optical 
waveguide is an isotropic dry etching process utiliz- 
ing etching undercut to an underneath of an etching 
mask material. 

12. A method for forming an optical waveguide probe 
according to claim 6 or claim 7, wherein said proc- 
ess of forming a mold for embedding said optical 
waveguide is an isotropic wet etching process utiliz- 
ing etching undercut to an underneath of an etching 
mask material. 



13. A method for forming an optical waveguide probe 
according to claim 6 or claim 7, wherein said proc- 
ess of forming a mold for embedding said optical 
waveguide is a multi-staged anisotropic wet etching 

5 process on a silicon substrate by using an etching 

mask stepwisely formed at least with two steps. 

14. A method for forming an optical waveguide probe 
according to claim 6 or claim 7, wherein said proc- 

10 ess of forming a mold for embedding said optical 
waveguide is an anisotropic wet etching process on 
a silicon substrate. 

15. A method for forming an optical waveguide probe 
is according to claim 6, wherein said mold for embed- 
ding said optical waveguide formed by any of the 
processes of claim 8 to claim 14 has a boat shape. 

16. A method for forming an optical waveguide probe 
20 according to claim 7, wherein said mold for embed- 
ding said optical waveguide formed by any of the 
processes of claim 8 to claim 14 is a step having 
two parallel flat surfaces and a slant surface con- 
necting said parallel flat surfaces, and said slant 

25 surface is formed by one or more flat planes. 

17. A method for forming an optical waveguide probe 
according to claim 7, wherein said slant surface is a 
curved surface. 

30 

18. A method for forming an optical waveguide probe 
according to claim 6 or claim 7, wherein said proc- 
ess of depositing said optical waveguide in said 
mold for embedding said optical waveguide is a 

35 process of depositing a dielectric material corre- 
sponding to said cladding, depositing a dielectric 
material relatively greater in refractive index than 
said d adding corresponding to said core, pattern- 
ing said core, and further depositing a dielectric 

40 material corresponding to said cladding. 

19. A method for forming an optical waveguide probe 
according to claim 18, wherein said core patterning 
is conducted by photolithography using electro- 
ns deposition resist. 

20. A method for forming an optical waveguide probe 
according to claim 6. wherein said process of sepa- 
rating said optical waveguide along said mold for 

so embedding said optical waveguide is a polishing 
process of depositing a dielectric material in said 
mold for embedding said optical waveguide, there- 
after planarizing by embedding a resin material in a 
recess formed in a portion of said mold for embed - 

55 ding said optical waveguide, and separating said 
optical waveguide by polishing to an original sub- 
strate surface or deeper than said original substrate 
surface. 
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21. A method for forming an optical waveguide probe 
according to claim 7, wherein said process of pat- 
terning said optical waveguide into a probe shape is 
photolithography using electro-deposition resist. 

22. A method for forming an optical waveguide probe 
according to claim 7, wherein said process of sepa- 
rating said optical waveguide probe from said sub- 
strate is a dry etching process from an opposite 
surface to a surface formed with said optical 
waveguide. 

23. A method for forming an optical waveguide probe 
according to claim 6 or claim 7, wherein said proc- 
ess of separating said optical waveguide probe 
from said substrate is an anisotropic wet etching 
process from an opposite surface to a surface 
formed with said optical waveguide. 

24. An optical waveguide probe, comprising: 

a substrate as a support member; 
a columnar optical waveguide formed on said 
substrate and having one part thereof project- 
ing from said substrate, and bent toward a 
sample or a medium and sharpened at a tip; 
a light reflective layer formed ever said optical 
waveguide excepting an aperture at said opti- 
cal waveguide tip. 

25. An optical waveguide probe according to claim 24, 
wherein said optical waveguide is structured by a 
combination of a cladding and a core. 

26. An optical waveguide probe, comprising: 

a substrate as a support member; 
a columnar optical waveguide formed on said 
substrate and having one part thereof project- 
ing from said substrate, and sharpened at a tip 
on one side as an apex; 
a light reflective layer formed over said optical 
waveguide excepting an aperture at said opti- 
cal waveguide tip. 

27. An optical waveguide probe according to any one of 
claims 24 to 26, wherein a portion forming said 
aperture of said optical waveguide is formed by 
three surfaces. 

28. An optical waveguide probe according to any one of 
clams 24 to 27, wherein a portion forming said 
aperture of said optical waveguide is formed by 
three surfaces including at least two sets of gener- 
ally vertical surfaces. 

29. An optical waveguide probe according to any one of 
claims 24 to 28, wherein one part of said optical 



waveguide is formed by a generally vertical surface 
and a generally horizontal surface relative to a sur- 
face of said support substrate contacted with said 
optical waveguide. 

5 

30. An optical waveguide probe according to any one of 
daims 24 to 29, wherein a portion of said optical 
waveguide projecting from said substrate is formed 
with a groove. 

10 

31 . An optical waveguide probe according to any one of 
claims 24 to 30, wherein said substrate is provided 
with a guide groove for fixing a connection position 
of said optical waveguide and an optical fber. 

15 

32. An optical waveguide probe according to any one of 
daims 24 to 31 , wherein said optical waveguide is 
arranged in plurality of number on said substrate. 

20 33. In manufacturing an optical waveguide probe com- 
prising a substrate as a support member, a colum- 
nar optical waveguide formed on said substrate and 
having one part thereof projecting from said sub- 
strate, and bent toward a sample or a medium and 

25 sharpened at a tip, a light reflective layer formed 
over said optical waveguide excepting an aperture 
at said optical waveguide tip. a method for manufac- 
turing an optical waveguide probe characterized in 
that the bending of said optical waveguide is made 

so by a process of overlaying a material having a dif- 
ferent thermal coefficient of expansion from the 
optical waveguide on one surface of a portion of 
said optical waveguide projecting from said sub- 
strate and heating said material and said optical 

35 waveguide. 

34. A method for manufacturing an optical waveguide 
probe, wherein an optical waveguide is overlaid on 
said substrate such that one part thereof projects 

40 from said substrate, said optical waveguide at a tip 
is sharpened, and a light reflective layer is formed 
over said optical waveguide excepting an aperture 
to be formed on a tip, wherein these processes 
include: 

45 

a process of forming a material having a differ- 
ent thermal coefficient of expansion from said 
optical waveguide on one surface of said opti- 
cal waveguide; and 
so a process of heating said material and said 

optical waveguide to bend said optical 
waveguide. 

35. In manufacturing an optical waveguide probe, com- 
55 prising a substrate as a support member, a colum- 
nar optical waveguide formed on said substrate and 
having one part thereof projecting from said sub- 
strate, and bent toward a sample or a medium and 
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sharpened at a tip, a light reflective layer formed 
over said optical waveguide excepting an aperture 
at said optical waveguide tip, a method for manufac- 
turing an optical waveguide probe characterized in 
that the bending of said optical waveguide is made 
by overlaying, while heating, a material having a dif- 
ferent thermal coefficient of expansion from the 
optical waveguide on one surface of a portion of 
said optical waveguide projecting from said sub- 
strate in said process of forming said substrate for 
supporting said optical waveguide. 

36. A method for manufacturing an optical waveguide 
probe, characterized in that an optical waveguide is 
overlaid said substrate such that one part thereof 
projects from said substrate, said optical waveguide 
at a tip is sharpened, and a light reflective layer is 
formed over said optical waveguide excepting a tip 
to be formed into an aperture, wherein these proc- 
esses, wherein these processes include: a process 
of forming, while heating, a material having a differ- 
ent thermal coefficient of expansion from said opti- 
cal waveguide on one surface of said optical 
waveguide. 

37. A method for manufacturing an optical waveguide 
probe according to any one of claims 33 to 36. 
wherein a material having a different thermal coeffi- 
cient of expansion from said optical waveguide is 
formed on one surface or an entire surface of the 
optical waveguide or a surface toned into a canti- 
lever. 



41. A method for manufacturing an optical waveguide 
probe according to any one of claims 32 to 40, 
wherein isotropic etching is used in sharpening said 
optical waveguide. 

5 

42. A method for manufacturing an optical waveguide 
probe according to any one of claims 32 to 41, 
wherein anisotropic etching is used in sharpening 
said optical waveguide. 

10 

43. A method for manufacturing an optical waveguide 
probe according to any one of claims 32 to 42, 
wherein anisotropic etching is used in a state said 
substrate is inclined in sharpening said optical 

is waveguide. 
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38. A method for manufacturing an optical waveguide 
probe, characterized in that an optical waveguide is 35 
overlaid on said substrate such that one part 
thereof projects from said substrate, said optical 
waveguide at a tip is sharpened, and a light reflec- 
tive layer is formed over said optical waveguide 
excepting a tip to be formed into an aperture, 40 
wherein these processes, wherein these processes 
include: a process of bending said optical 
waveguide by heating principally one surface of 
said optical waveguide. 

45 

39. A method for manufacturing an optical waveguide 
probe according to any one of claims 32 to 38, fur- 
ther including in said process a process of providing 
a groove in said optical waveguide. 

50 

40. A method for manufacturing an optical waveguide 
probe, characterized in that a columnar optical 
waveguide is overlaid on said substrate such that 
one part thereof projects from said substrate, said 
optical waveguide at a tip being sharpened, and a 55 
light reflective layer being formed over said optical 
waveguide excepting a tip of said optical waveguide 

to be formed into an aperture. 
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